®)
©,
>
N
ﬁ
2>
c

ORACS

SENSOR ACCURACY CHECK

FORACS IV REPORT NO. 129 (U)
USS WALDRON (DD-699)

3 October 1972

1 “DTIC USERS ONLY'

Fleet Operational Readiness Accuracy

E@EWEW Check Site Ne. 4
LA Cape Cod, Massachusetts o

OCT 2 41972

 APPLIED PHYSICS LABORY: 2 i T
UNIVERSITY OF WASHINGTUN QUALITY INgPRCTRD 4

o na &E‘ﬁ%pon ™ No /,Zj

T 8 NOV 1966
(SEA 00) OF CcuT ORBER

Q

August 1977

CI
- st Classified by C
AU NAVSEA 1tr Ser
. pr Review 3 9 August 1997

“This document contdins INTOrmMAation AMECUNg The NATIONAl QEIEnst  U.dw., occtions 793 and 794. The transmission or the revelation of its
the United Stata thhm the meaning of the Espi e Laws, Title 18, contents, in any manner to an unauthorized person, is prohibited by law.

. P - NS
CONPENTIAL




MSTRESUT x.:“» R Foetho pIRination. tad By ): ‘
AN AR N\ e ben
Sy ) N PUNY T Y o NTIAL

\lf—"TOP?“«‘.\ . . v
el NAVAL ELLECTRONICS LABORATORY CENTER
y ﬁ\'% 271 CATALINA BOULEVARD : %
jlé(} SAN DIEGO, CALIFORNIA 92152
("’.’L}@, & . . AUZ‘OA\;gZI\IS.:SOZ“-:OH IN REPLY REFER TO:
v)'?‘f&lcs ‘9;‘;2;'7 ) . ‘ R] ] 2
FORACS :KJJ:tmb
Ser 6900-281
28 0CT 1872
From: Commander, Naval Electronics Laboratory Center, San Diego,
-California
To: Distribution List
. PR , S/ )
o A2 AT o -
\ // v J @2 / : / u\;‘\'\;‘n‘
Subj: FORACS IV REPORT NO. 129 (U)
| USS WALDRON (DD-699) |
-ID )
3 October 1972 ~Tic “USER&QM:

'

1. This report gives the results-of analysis performed on the ship-
board sensor.alignment accuracy data taken by the Fleet Operational

. Readiness Accuracy Check Site No. IV, Cape Cod, Massachusetts. The

" dockside phase was conducted on 2 October 1972 at the Boston Naval
Shipyard, Boston, Massachusetts. The on-range tests were conducted on
3 October 1972 at Provincetown, Massachusetts.

(j ‘E m
G. R. KIRWIN o
By direction

Distribution:’

(2)NAVSHIPS (PMS-302-6C) - —7APL/UW ' . COMDESRON 34
NAVSEC (6172E) NAVSEC NORDIV (EMEC) AUTEC HQ
MASHSP (204) (3)C0, USS WALDRON (DD-699) FORACS I1I
NUC Pasedena (Code 2531) NSMSES (Code 4213) (2)FORACS IV
NUSC/Newport (Code RA311) COMCRUDESLANT .

NELC (6900) CINCLANTFLT

&éﬁizlflﬁb BY: NAVSHTPR LTR SR 1622D-203 OF R rbv 1966
o O TO GENERAT, TECLASSTRICATION SCHELTR o ﬂVPCGTTVE“GﬁﬁFﬁ“T?”TE“\¢5>
1 hee ] ) LOo i %

TR AT TRATE O A R—TEST RV AL
DECLASSIFIED ON 31 DICEMILE 1978 TS ' |

- vemeennd AL
X 5.
‘(!'//;”N

1097005 004 cowon




USS WALDRON (DD-699)

 UNCLASSIFIED

TABLE OF CONTENTS

. * Page
SUMMARY + vt veeeniecsessrannenscnsannnns eeas M eeeeciceasasaeiiaceaans 1
INTRODUCTION. .. ...... T ST ST ST 4
1.0 GYROCOMPASS MARK 11 MOD 6..cvvveviienecnnnnnne Teeeeeas s 6

2.0 SONAR AN/SQS-44V. ... ciiiiieeieeereesossnacscssnsnns hereesenas 9
3.0 GUN FIRE CONTROL SYSTEM MARK 37...c.itieevnnencccancsnnans vees 17
4.0 SURFACE SEARCH RADAR AN/SPS-10............ BT UTTPR 22
5.0° ELECTRONIC SUPPORT MEASURES AN/WLR-T...ueuriiieicnennnrnnnnnen 29
6.0 PELORUSES - ALiDADE MARK 2 MOD 1........ O . ... 30
APPENDIX A - Definitions of Terms and Abbreviations...v...cvivennn A-1

APPENDIX B - FORACS testing Procedures (Ship's Copy Only).......... B-1

UNCLASSIFIED

R RV




Uss W 4f9N (DD-659)
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(U) SUMMARY - t - ~ | ,';zégggi‘?ij?EX{'

Accuracy standards relating to shipboard sensors are given in NAYORD ¢D
41774 dated 1 October 1971. Available standards are shown in parentheses.
Those parameters marked with an "=-»" do not meet standards. Refer to
Appendix A for definitions of terms and abbreviations.

(C) 1.0 GYROCOMPASS MARK 11 MOD 6 (S/N 116378)

Dockside: 4 ~=>  SE: +1.27° (%0.5°)

On-Range: _ PVV 0.73° { 1.5°)
MESE: +0.73° (%1.0°)

(C)' 2.0 SONAR AN/3QS-44V (S/N 292) . L BETEER

(Standards quoted are for Sonar AN/SQS-44V with Fieid Change
4 installed.)

Console
Bearing: CPW: 1.84° ( 2.5°)
: > MP:  42.40° (£1.0°)
ASD:  0.56° ( 0.8°)
Range Error vs Bearing: PVW: 540 yds (NA - See Text)
 MP: -198 yds (NA - See Text)
ASD: 94 yds (NA - See Text)
Range: | '
2,500 Yard Scale: P> MME: -205 yds (50 yds)
—=> ASD: 20 yds ( 16 yds)
5,000 Yard Scale: . =—> MME: -155 yds (£100 yds)
’ ' > ASD: 33 yds ( 26 yds)
10,000 Yard Scale: MME: -179 yds (£200 yds)
ASD: 40 yds ( 46 yds)
Data Converter )
Bearing: PW:  2.00°-( 2.5°)
. ~—=> MP: 2.53° (+1.0°)
ASD 0.68° ( 0.8°)
(C) 3.0 GUN FIRE CONTROL SYSTEM MARK
3:1 Director Mark 37 Mod 49
Bearing: PVV: 5 min (NA - See Text)

MP: -7 min (NA - See Text)
ASD: 4 min (NA - See Text)

" e e e g

e T L A A

SN

P s - o ST oy 4n ¢

N SR




USS WALDRON qga -699)
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0 - 20,000 yds: © MME: -15 yds (24 yds)
_ , ASD: 6 yds ( 6 yds)

3.2 Computer Mark 1A Mod 13 (S/N 1264)

Bearing: ' PVV: 6 min (NA - See Text) -
MP: -9 min (NA - See Text)
ASD: 5 min (NA - See Text)

Range:

0 - 20,000 yds:  MME: 438 yds (£24 yds)
: ASD: 6 yds ( 6 yds)

(C) 4.0 SURFACE SEARCH RADAR AN/SPS-10 (S/N 460)

4.1 Range-Azimuth Indicator AN/SPA-25 (S/N 153) - Master CIC

Bearing: PVV:  0.6° { 1.4°)
MP: +0.5° (%0.8°)
ASD: 0.2° ( 0.5°)
Full Scale Range:
10,000 yds: * MME:  +73 yds (%100 yds)
‘ ASD: 21 yds ( 40 yds)
20,000 yds: | MME: 492 yds (200 yds) -
- ASD: 30 yds ( 80 yds) -

4.2 Range-Azimuth Indicator AN/SPA-4B (S/N 346) - Pilot House

Bearing: - PVW: 1.3° ( 2.0°)
- - MP: +0.7° (:0:8°)
ASD: 0.5° ( 0.6°)

Full Scale Range:

10,000 yds: MME: +93 yds (100 yds)
—> ASD: 43 yds ( 40 yds)
20,000 yds: | > MME: +1750 yds (+200 yds)
, ASD: 60 yds ( 65 yds)

(C) 5.0 PELORUSES - ALIDADE MARK.Z MOD 1 (S/N 5241)

Port Pelorus

Normalized True Bearing: PVV:
~ MP:
ASD:

,l:f .




USS WALDRON (DD-6S9)

Starboard Pelorus

CONFIDENTIAL

Normalized True Bearing: ' PVV:  0.17° ( 0.40°)
MP:  0.04° (+0.30°)
0.17° ( 0.2

s CONPDENTAL |




USS WALDRON (DD-699)
UNILASSIFIED

(U) This report gives the results of analyses performed on the shipboard
sensor accuracy data recorded at Fleet Operational Readiness Accuracy
Check Site No. IV, Cape Cod, Massachusetts. The dockside survey was

- conducted on 2 October 1972 at the Boston Naval Shipyard, Boston, Massa-
chusetts. The gyrocompass settled error test was conducted on 2 October
1972 and the on-range test on 3 October 1972.

INTRODUCTION

(u) A summary is inclyded in this report hich presents equipment error .

characteristics and available accuracy standards. Sections 1.0 through
5.0 present detailed information on the equipments tested. The text of
these sections includes the type of data recorded (range, relative bear-
ing, etc.), targets used, and other data pertinent to the testing. The

. - results of analyses performed on the recorded data are displayed by error

- plots. Each plot also includes calculated error characteristics and
available accuracy standards.

" (U) . The following sign convention is used in this report:

Positive (+) Error o Indicates equipment reading is
' greater than the actual value.

Negative (-) Error . Indicates equipment reading is
less than thé actual value.

As an example, consider an actual bearing and range of 011 degrees at
5200 yards. If the operator obtained a reading of 012 degrees, the
bearing error would be +1 degree. Similarly, an operator reading of
5000 yards would indicate a range error of -200 yards.

(u) Definitions of terms and abbreviations used in this report are included
in Appendix A. A description of the overall FORACS testing procedures
is included in the ship's copy of this report as Appendix B.

Dockside Test

(U) During the dockside portion of the FORACS testing, engineering transits
were set up on the bow and DASH deck of the USS WALDRON and cross leveled
athwartships with respect to the roller path of the MK 37 Gun Fire Control
Director. The forward transit was aligned to the ship's centerline as
established by the center of rotation of the Director, measurements

- athwartships, and angular measurements to symmetrical superstructure. By
a reciprocal bearing technique, using a shore-based theodolite, the after
transit was aligned to this centerline and subsequently utilized to per-
form the gyrocompass settled error check. Punch marks were placed on the
DASH deck, bulkhead, and deck gutter in order that the location, cross
level, and alignment of the after transit could be accurately reclaimed
for .the on-range test.”

On-Range Test

(u) Operatingvconditions_during the testiwére'satisfactory. Speed over the
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USS WALDRON (DD-699)

UNCLASSIFIED

test path varied from 2 to 3 knots and speeds up to 10 knots were
incurred while repositioning the ship for the next run.

The GFCS system had a- casualty; therefore, 1ihited data were obtained.

‘The ESM was inoperative; therefore, no data were obtained.
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1.0 GYROCOMPASS MARK 11 MOD 6 (S/N 116378)

(u)

(U)

(V)

Ship's heading error was determined from data recorded during the

dockside and on-range phases of the FORACS testing. The bhinnacle .
settings used during the tests are as follows: ' -

Control Dockside " On-Range
Speed and Latitude Corrector 0 KNOTS 3 KNOTS AT 42°N.LAT
Auxiliary Latitude Corrector 42°N.LAT 42°N.LAT
Mercury Ballistics 31°N.LAT ' 31°N.LAT

Figures 1.0-a and 1.0-b are plots of the ship's heading error
versus time of day. The gyrocompass had been running continuously
on ship's power for approximately 8 hours prior to the dockside
gyrocompass settled error check. ’

The 31° N. LAT adjustment on the Mercury Ballistics was discovered
just prior to the FORACS test. To make the correction to 42°N.LAT
would have delayed the whole FORACS operation by four hours and
cause ship departure delays. For these reasons the election was
made to forego any further adjustments to the Ballistics

© CONFIDENTIAL.
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USS WALDRON (DD-699)

CONFIDENTIAL

2.0 SONAR AN/SQS-44V (S/N 292)

(c)

(€)

(U)

(u)

Range and relative bearing data were recorded at the Control-

Indicator utilizing the FORACS shallow water sonar transducer.
The following sonar settings were maintained during the testing:

Stabilization: OFF

Ship'd Speed: 3 KNOTS

Video (SUM/DIFF): DIFF

Pulse Length: ’ SDT 3 MS

Transducer Selector: SEARCH, MCC XMIT

Sound Velocity: 4880 FT/SEC
_Gyro: OFF

Video (SCD/TCD): o SCD

Mode Selector: ) SDT 10°

Bearing data were recorded while holding the indicated target
range between 4,700 and 9,500 yards on the 10,000 yards scale.
Range data were recorded on the 2,500, 5,000 and 10,000 yard
scales while holding the indicated target bearing between 355
and 005 degrees.

Figures 2.0-a through 2.0-f present the bear1ng and range test
data for the sonar equipment.

Figure 2.0-g is a plot of sound velocity versus depth of water.
The data were derived from velocimeter measurements obtained in
the vicinity of the FORACS transducers prior to the on-range ‘ .

~ testing.

(V)

Figure 2.0-b includes data which is not consistent with the
majority of data. False triggering of -the sonar transmitter

-.sometimes can cause this inconsistency. The data analysis does

not include this data.

o CONFIDENTIAL
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Sound Velocity
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3.0

USS WALDRON (DD-699)

~ CONFIDENTIAL

GUN FIRE CONTROL SYSTEM MARK 37

(C)

3.1

3.2

Prior to the on-range testing FORACS personnel conducted benchmark
and lost motion checks. An average of five train readings to the

benchmark in each direction, read at the Director Train Indicator,
produced the following data: :

¥

.Port to Sthd. Stbd. to Port Lost Motion

1°43' o 1eq 2!

The train reading to the benchmark, per smooth log data, is 1 degree
40 minutes. FORACS personnel calculated the train to be 1 degree
52 minutes. _

During the on-range testing relative bearing and range data were
recorded at the director and computer while operating in the auto-
matic mode. The target-used was an active radar transponder located
at the main control station on shore.

Director Mark 37 Mod 49

(U) Relative bearing data were recorded at the trainer's dial in
the director. Range data were recorded at the Radar Console.

(U) Figures 3.1-a and 3.1-b present the bearing and range errors
for data obtained at the Fire Control Computer.

Computer Mark 1A Mod 13 (S/N 1264)

(U) Figures 3.2-a and 3.2-b present the bearing and range errors
for data obtained at the Fire Control Computer.

(U) The Fire Control system experienced a casualty late in the

morning of the on-range. The bearing data presented are for
information only. ‘

b CONFIDENTIAL
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|
‘ ' ' USS WALDRON (DD-699)

4.0, SURFACE SEARCH RADAR AN/SPS-10 (S/N 460)

(U) Bearing and range data to radar targets as descr1bed in Section
3.0 were recorded at two indicators. The radar was operated in -
"RELATIVE BEARING" and "WIDE-SHORT" pulse; equipments were operated
on full scale ranges of 10,000 and 20,000 yards.

(u) F1gures 4.1-a through 4.2-c show bearing and range accuracies for -
the following equipments:

4.1 Range-Azimuth Indicator AN/SPA-25. (S/N 153) - Master CIC

4.2 Range-Azimuth Indicator AN/SPA-4 (S/N 346) - Pilot House

22
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USS WALDRON (DD-699)

UNCLASSIFIED

5.0 ELECTRONIC SUPPORT MEASURES (ESM)

(U) The ESM equipment was inoperative and no data were taken.

s UNCLASSIFIED



USS WALDRON (DD-699)

UNCLASSIFIED

6.0 PELORUSES - ALIDADE MARK 2 MOD 1 (S/N 5241)

(U) True bearings to one of the FORACS shore targets were obtained
using either the port or starboard pelorus, depending on the
ship's aspect to the target. The same alidade was used at both
peloruses. :

(U) Figure 6.0-a is a plot of norma11zed true bear1ng error versus
relative bearing.
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Gyrocompass

Settled Error (SE):

Maximum Excursion

from Settled Error (MESE):

Qutlier:

Bearing Run:

Range Run:

Bearing-Dependent
Errors:

Range-Dependent
Errors:

Mean Error: (ME):
Interval Mean
Error:

Best-Fit Curve:

Maximum Mean
Error (MME):

L
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APPENDIX A

Definition of Terms

The difference between the settled indication of
ship's heading and the actual ship's heading when
the gyrocompass is allowed to settle to a point of
minimum oscillation wh1]e the ship is moored along-
side a dock.

The magnitude of the d1fference between the peak
or.valley of the gyro on-range error.curve and the
settled error, whichever is greater.-

A data point which has an abnormally large deviation
from the main body of data., All the apparent out-
liers are rejected from a set of error observations
prior to computing the values of each error charac-
terestic. :

The ship is maneuvered so that the re]at1ve bearing
to the sonar target is changed while the target
range is held between 75% and 85% of the range
scale by changing the transponder time delay.

‘The ship is maneuvered so that the relative bearing
to the sonar target is held near 000 degrees while
the range to the target is varied.

Errors which vary as a function of bearing.
Errors which vary‘as a function of range.
The sum of all error values divided by the number

of terms.

The mean of the range or bearing errors taken in
specified intervals of range, bearing, or time.

This curve is approximated by the curve paséing
through the set of interval mean errors.

The interval mean error furthest from zero.
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Peak-to-Valley The'magnitude of the difference between the max--
Variation (PVV): imum (peak) and the minimum (valley) of the "best-

fit" curve, where "maximum" is the most positive
value on the curve and "minimum" is the most nega-
tive value.

Midpoint PVV (MP): " A point halfway between maximum (peak) and mini-
mum (valley) of the "best-fit" curve, equal to the
mean of the peak and valley.

Standard Deviation: A measure of dispersion of errors about the mean.
For a normal distribution, the standard deviation
is the value above and below the mean which would

v enclose about 2/3 of the points plotted. It is
: computed in intervals 1ike those for the computa-
tion of the mean.

Average Standard The arithmetic mean of the interval standard devia-

Deviation (ASD): tions. The "average standard deviation" serves as
an estimate of the standard deviation of observed
values about a "best-fit" curve.

Valid Interval: An interval must have at least four points to be
considered valid for computation of various char-
acteristics. .

Normalized True ~ Any true bearing reading which is referenced to the

Bearing Error: - gyrocompass will fluctuate as the gyrocompass

fluctuates. Gyrocompass errors are subtracted
from the true bearing errors mark-by-mark. The
results are referred to as normalized true bearing
errors.
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